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(57) ABSTRACT

A WLCSP method comprises: depositing a metal bump on
bonding pads of chips; forming a first packaging layer at front
surface of waler to cover metal bumps while forming an
un-covered ring at the edge of waler to expose the ends of
cach scribe line located between two adjacent chips; thinning
first packaging layer to expose metal bumps; forming a
groove on front surface of first packaging layer along each
scribe line by cutting along a straight line extended by two
ends of scribe line exposed on front surface of un-covered
ring; grinding back surface of water to form a recessed space
and a support ring at the edge of the water; depositing a metal
layer at bottom surface of wafer in recessed space; cutting off
the edge portion of wafer; and separating imdividual chips
from water by cutting through first packaging layer, the wafer
and metal layer along groove.

10 Claims, 5 Drawing Sheets
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PACKAGING METHOD OF MOLDED WAFER
LEVEL CHIP SCALE PACKAGE (WLCSP)

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Patent Application 1s a Continuation Application of a
co-pending application Ser. No. 13/547,358 filed on Jul. 12,
2012 by a common mventor of this Application. The Disclo-
sure¢ made in the patent application Ser. No. 13/547,358 1s
hereby incorporated by reference.

FIELD OF THE INVENTION

This mvention relates to a packaging method of semicon-
ductor devices. Particularly, this invention aims at providing
an 1mproved WLCSP method for obtaining thin chip pack-
ages with molding compound on both front side and backside
to protect the device from damaging during treatment in a
packaging step of the water-level chips as well as improving,
the mechanical strength of wafers.

DESCRIPTION OF THE RELATED ART

In a water level chip scale package (WLCSP) technology,
the semiconductor chip 1s packaged directly on the waler
level after the semiconductor chips are fimshed completely on
the water following by the separation of individual chip pack-
ages from the waler. As a result, the size of the chip package
1s almost equal to the size of the original semiconductor chip.
Conventionally, the WLCSP technology 1s widely used for
the semiconductor devices. As well known 1n the art, vertical
power device has larger Rdson. Therefore, the waler 1s
thinned to reduce the substrate resistance, thus Rdson 1s
reduced. However, as the watfer 1s thinner, 1t 1s difficult to treat
and handle the thin wafer due to lack of the mechanical
protection.

In addition, 1 the conventional chip scale packaging tech-
nology, the wafer 1s directly cut along the scribe line at the
front surface of the water to separate individual chip packages
from the water. However, the front surface of the water 1s
usually packaged with a molding compound betore the water
1s thinned to enhance the mechanical support for the water to
prevent the thinned wafer from cracking. As a result, the
scribe line 1s covered by the molding compound. Therefore, it
1s difficult to cut the water along the scribe line at the front
surface of the wafer.

Given the above description of related prior arts, therefore,

there 1s a need to manufacture ultra thin chips by WLCSP and
to apply these chips in power devices.

BRIEF DESCRIPTION OF THE DRAWINGS

As shown 1n attached drawings, the embodiment of the
invention 1s more sufliciently described. However, the
attached drawing 1s only used for explaining and illustrating
rather than limiting the range of the imvention.

FIG. 1A 1s a top view of the front surface of a semiconduc-
tor waler having semiconductor chips formed thereon.

FIG. 1B 1s a cross-sectional schematic diagram of the
semiconductor waler having metal bump formed on the semi-
conductor chip’s metal bonding pad.

FIGS. 2A-2B are schematic diagrams illustrating the step
of depositing a first packaging layer to cover the front surface
of the water.
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FIGS. 3A-3B are schematic diagrams 1llustrating steps of
orinding to thin the first packaging layer and forming cutting

grooves on the first packaging layer.

FIG. 4 1s a cross-sectional schematic diagram illustrating
the step of grinding to thin the water from 1ts back surface.

FIG. 5 1s a cross-sectional schematic diagram illustrating
the step of depositing a metal layer at the bottom surface of the
thinned water.

FIG. 6 1s a cross-sectional schematic diagram illustrating
the step of cutting the edge portion of the water.

FIG. 7 1s a cross-sectional schematic diagram 1illustrating
the step of separating individual packaging structures by cut-
ting through the first packaging layer, the wafer and the metal
layer.

FIGS. 8 A-8B are cross-sectional schematic diagrams 1llus-
trating the steps of forming a second packaging layer on the
metal layer.

FIGS. 9A-9C are cross-sectional schematic diagrams 1llus-
trating alternative steps of forming the second packaging
layer on the metal layer.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(1]
By

ERRED

FIG. 1A 1s a top view of a water 100 including a plurality
of semiconductor chips 101 formed on the front surface of the
waler with each scribe line 102 located between two adjacent
chips 101. It 1s well known 1n the art that individual chip 101
1s separated from the water 100 by cutting along the scribe
line 102. Generally, a plurality of metal bonding pads (not
shown) are formed on the front surface of each chip 101
forming the electrodes of the chip, which connect to the
power supply, the ground or a terminal for signal transmission
with an external circuit.

As shown in FIG. 1B, metal bumps 110 are formed on each
metal bonding pad at the front surface of each chip 101. The
metal bump 110 can be made of copper, gold, silver, alumi-
num and the like or their alloy. The metal bump 110 can have
a shape of sphere, ellipse, cube, cylinder, or wedge and the
like.

As shown i FIG. 2A, a packaging material, such as epoxy
resin and the like, 1s deposited to form a first packaging layer
120 with a certain thickness covering the front surface of the
waler 100 and all metal bumps 110. As shown 1n FIGS. 2A
and 2B, the radius of the first packaging layer 120 1s slightly
smaller than the radius of the water 100, as such the first
packaging layer 120 does not cover the whole front surface of
the water 100, for example, an un-covered ring 103 close to
the edge of the wafer 1s not covered by the first packaging

ayer 120.

As shown 1n FIG. 3A, the first packaging layer 120 1s
ground to expose the metal bumps 110. The metal bump 110
1s preferably made of copper to eliminate the unexpected
contamination at the grinding surface of the first packaging
layer 120 when the dust from the metal bump 1s adhered on
the grinding wheel while grinding the first packaging layer. In
FIG. 3A, aplurality of cutting grooves 121 are then formed on
the front surface of the thinned first packaging layer 120. As
shown 1n FIG. 2B, the radius of the first plastic packaging
layer 120 1s smaller than the radius of the wafter 100 to ensure
that the two ends of each scribe line 102 1n the un-covered ring
103 1s not covered by the first plastic packaging layer 120.
The cutting groove 121 can be formed by cutting a shallow
line on the front surface of the first packaging layer 120,
which 1s aligned with a scribe line 102 extending from its two
ends exposed in the un-covered ring 103. Particularly, each
shallow line or cutting groove 121 1s overlapped with the
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corresponding scribe line 102 as shown in FIG. 3B. The depth
of the cutting groove 121 can be adjusted. In one embodi-
ment, the cutting groove 121 can penetrate through the first
packaging layer 120 to the front surface of the water.

As shown 1n FIG. 4, the water 100 1s ground at 1ts back
surface to a predetermined thickness. To provide a mechani-
cal support for the thinned water, a support ring at the edge of
the water 1s not ground. As shown 1n FIG. 4, a recessed space
130 1s formed by grinding the back surface of the water 100
with a grinding wheel having a radius smaller than the radius
of the water 100. The radius of the recessed space 130 1s as
large as possible to maximize the yield of chips formed close
to the edge of the wafer. In this step, a support ring 104 at the
edge of the water 100 1s formed and the width of the support
ring 104 1s the difference between the radius of the water 100
and the radius of the recessed space 130. In this step, the
designed thickness of the thin water 100 can be adjusted by
the depth of the recessed space 130. The support ring 104 and
the thinned packaging layer 120 provide a mechanical sup-
port for the thinned water 100, thus the thinned water 1s not
casy to crack. In one embodiment, the radius of the recessed
space 130 1s smaller than the radius of the first packaging
layer 120 1n order to further maintain the mechanical strength
of the thinned water 100, so that a portion of the first pack-
aging layer 120 can be partially overlapped with a portion of
the support ring 104.

As shown in FIG. 5, optionally, dopants are heavily doped
at the bottom surface of the water 100 exposed inside the
recessed space 130 followed by the annealing for dopants to
diffuse. Then, a metal layer 140 1s deposited at the bottom
surface of the water 100. As shown in FIG. 5§ and FIG. 6, the
edge portion 105 of the thinned water 100 and the support
ring 104 are cut oil, as such the overlapped part 122 of the first
packaging layer 120 1s also cut oif with the width of the cut
portion 105 of the water being equal to or slightly greater than
the width of the supportring 104. As shown 1in FIG. 6 and FIG.
7, the first packaging layer 120, the wafer 100 and the metal
layer 130 can be cut through by a cutter 180 along the cutting
groove 121 to separate individual chips 101 from the watfer
100. As a result, the first packaging layer 120 can be cut into
a plurality of top packaging layers 1200, and the metal layer
140 can be cut 1into a plurality of bottom metal layers 1400,
thus a plurality of water-level packaging structures 200A are
obtained. Each packaging structure 200A 1ncludes a top pack-
aging layer 1200 covering the front surface of each chip 101
and a bottom metal layer 1400 covering the back surface of
the chip 101 with the metal bump 110 exposed out from the
top packaging layer 1200 functioning as a contact terminal of
the packaging structure 200A to electrically connect the
external circuit.

In one embodiment, the chip 101 1s a vertical MOSFET
(Metal-Oxide-Semiconductor Field Effect Transistor), in
which the current flows from the front surface to the back
surface of the chip or vice versa. As such, the plurality of
metal bonding pads formed at the front surface of the chip
includes a bonding pad forming a source electrode and a
bonding pad forming a gate electrode, and the bottom metal
layer 1400 forms the drain electrode of the chip. As the
thickness of the chip 101 1s equal the thickness of the thinned
waler 100, the resistance of the chip 101 can be greatly
reduced.

In another embodiment, a packaging structure 2008 with a
bottom packaging layer 1500 can be formed as shown in
FIGS. 8 A-8B. After the edge portion 105 of the thinned wafer,
the overlapped part 122 and the support ring 104 are cut of as
shown 1n FIG. 6, a second packaging layer 150 1s formed to
cover the metal layer 140 as shown in FIG. 8 A. Then the first
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packaging layer 120, the water 100, the metal layer 130 and
the second packaging layer 150 are cut to separate individual
chips 101 from the watfer 100. As a result, the first packaging
layer 120 1s cut 1nto a plurality of top packaging layers 1200,
the metal layer 140 1s cut into a plurality of bottom metal
layers 1400 and the second packaging layer 150 1s cut into a
plurality of bottom packaging layer 1500, thus a plurality of
packaging structures 200B are obtained. Fach packaging
structure 200B 1ncludes a top packaging layer 1200 covering,
the front surface of the chip 101, a bottom metal layer 1400
covering the back surface of the chip 101, and a bottom
packaging layer 1500 covering the bottom metal layer 1400
with the metal bump 110 exposed out of the top packaging
layer 1200 functioning as a contact terminal of the packaging
structure 200B for electrically connecting with the external
circuit. In this embodiment, since the bottom metal layer
1400 1s covered by the bottom packaging layer 1500, the
bottom metal layer 1400 cannot be used as the contact termi-
nal for connecting with the external circuit. As such, when the
chip 101 1s a vertical MOSFET, the plurality of metal bonding
pads formed at the front surface of the chip include a bonding
pad forming a source electrode, a bonding pad forming a gate
clectrode, and bonding pads electrically connecting to the
bottom metal layer 1400 forming the drain electrode through
a metal interconnecting structure (not shown) formed in the
chip.

As shown 1n FIG. 9A, belore forming the second packag-
ing layer 150, as the water 100 1s very thin, the water 100 with
the metal layer 140 and the first packaging layer 102 are easy
to warp. To avoid the warping of the thinned water, as shown
in F1G. 9B, the water 100 with the metal layer 140 and the first
packaging layer 120 are placed on a heating plate 300 with the
first packaging layer 120 directly contacting to the heating
plate 300. After the waler with the metal layer 140 and the first
packaging layer 102 1s heated and flattens out, the second
packaging layer 150 1s formed on the metal layer 140. Alter-
natively, as shown 1n FI1G. 9C, a heating plate 310 can include
a recessed space 311 with a depth approximately equal to the
sum of the thickness of the metal layer 140, the first packag-
ing layer 120 and the water 100 and a radius slightly greater
than the radius of the water 100 after the edge portion 105
being cut off. The water 100 with the metal layer 140 and the
first packaging layer 120 1s placed inside the recessed space
311 of the heating plate 310 with the first packaging layer 120
directly contacting to the heating plate 310, thus the second
packaging layer 150 1s formed on the metal layer 140 after 1t
flattens out by heating.

The above detailed descriptions are provided to 1llustrate
specific embodiments of the present invention and are not
intended to be limiting. Numerous modifications and varia-
tions within the scope of the present invention are possible.
The present invention 1s defined by the appended claims.

The mvention claimed 1s:

1. A WLCSP method for packaging semiconductor chips
formed at a front surface of a semiconductor waler, each
semiconductor chip comprising a plurality of metal bonding
pads formed at its front surface, comprising the steps of:

depositing a metal bump on each of the metal bonding

pads;

forming a {irst packaging layer at the front surface of the

waler to cover the metal bump, wherein the radius of the
first packaging layer 1s smaller than the radius of the
waler forming an un-covered ring at the edge of the
water, wherein two ends of each scribe line located
between two adjacent semiconductor chips extend on a
front surface of the un-covered ring;
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thinning the first packaging layer to expose the metal bump
from the first packaging layer;

forming a cutting groove on the front surface of the thinned
first packaging layer along each scribe line by cutting on
the first packaging layer along a straight line extended by
the two ends of the scribe line exposed on the front
surface of the un-covered ring such that a depth of the
cutting groove 1s shallower than a thickness of the
thinned first packaging layer;

grinding at the back surface of the water to form a recessed
space at the back surface of the waler and a support ring
at the edge of the water;

depositing a metal layer at the bottom surface of the water
in the recessed space;

cutting oil the edge portion of the wafer; and

separating individual semiconductor chips from the water
by cutting through the first packaging layer, the water
and the metal layer along the cutting groove, wherein the
first packaging layer 1s cut into a plurality of top pack-
aging layers each of which covers the front surface of
cach semiconductor chip with the metal bump exposed
from the top packaging layer, and wherein the metal
layer 1s cut into a plurality of bottom metal layers each of
which covers the back surface of each semiconductor
chip.

2. The WLCSP method of claim 1, wherein the cutting

groove extends to the front surface of the wafer.

3. The WLCSP method of claim 1, wherein cutting the edge

portion of the waler comprises cutting off the support ring.
4. The WLCSP method of claim 3, wherein a radius of the

recessed space 1s smaller than the radius of the first packaging,
layer so that a portion of the first packaging layer 1s over-
lapped with a portion of the support ring, and wherein cutting
off the edge portion of the waler comprises cutting oif the
support ring and the overlapped portion of the first packaging
layer.

5. The WLCSP method of claim 1 further comprising
heavily doping dopants at the bottom surface of the water in
the recessed space before depositing the metal layer.
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6. The WLCSP method of claim 1, wherein the recessed
space 1s formed by a grinding wheel with the radius smaller
than the radius of the water.

7. The WLCSP method of claim 1, after cutting off the edge
portion of the water, further comprising forming a second
packaging layer on the metal layer, wherein separating indi-
vidual semiconductor chips from the waler comprises cutting
through the first packaging layer, the wafer, the metal layer
and the second packaging layer along the cutting groove,
wherein the second packaging layer 1s cut ito a plurality of
bottom packaging layers each of which covers on the bottom
metal layer of each semiconductor chip.

8. The WLCSP method of claim 7, wherein forming the
second packaging layer on the metal layer comprises:

placing the thinned wafer having the first packaging layer

covering 1ts front surface and the metal layer covering 1ts
back surface on a heating plate with the first packaging
layer directly contacting to the heating plate;

heating the wafter, the first packaging layer and the metal

layer until the water, the first packaging layer and the

metal layer flatten out; and
forming the second packaging layer on the flattened metal

layer.
9. The WLCSP method of claim 7, wherein forming the

second packaging layer on the metal layer comprises:
placing the thinned watfer having the first packaging layer
covering 1ts front surface and the metal layer covering 1ts
back surface inside a recessed space of a heating plate
with the first packaging layer directly contacting to the
heating plate;
heating the wafter, the first packaging layer and the metal
layer until the wafter, the first packaging layer and the
metal layer flatten out; and

forming the second packaging layer on the flattened metal

layer.

10. The WLCSP method of claim 9, wherein a depth of the
recessed space of the heating place 1s the same as the total
thickness of the wafter, the first packaging layer and the metal
layer and a radius of the recessed space 1s slightly larger than
the radius of the water after cutting off the edge portion.
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